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Engineers-in-Charge
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Naval Facilities Engineering Command
900 Commodore Drive

San Bruno, California 94066-5006

CLEAN Contract Number N62474-88-D-5086 (CLEAN I)
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Subject: Background Areas Needed to Quantitatively Evaluate Naval Air Station (NAS)
Alameda, Alameda, California

Dear Ms. Bernhard and Ms. Garibaldi:

PRC Environmental Management, Inc. (PRC) has evaluated the remedial investigation data collected
at NAS Alameda to determine how many statistically different soil areas are present across the base.
The purpose of this analysis was to determine how many background data sets are needed to conduct
background comparisons for NAS Alameda Installation Restoration Program (IRP) sites. This letter

is to document the process applied to statistically identify different "fill zones" and report the results
of the statistical analyses.

More than 20 inorganic analytes commonly occur in soils; two analytes were chosen for this statistical
evaluation for expediency and to reduce redundant testing. The two analytes chosen were iron and
manganese, for the following reasons:

• Both iron and manganese are common soil components

• Neither chemical is related to any site activity at NAS Alameda based on site histories

• Both chemicals are present at quantities well above detection limits at all sites (that is,

they have 100 percent frequencies of detection), eliminating the potential problem of
differing detection limits between sampling efforts at NAS Alameda. (Multiple
detection limits can be a confounding factor in the interpretation of results.)

• U.S. Environmental Protection Agency (EPA)-established analytical methodologies for
these two analytes have not changed between sampling efforts at NAS Alameda

Iron and manganese were evaluated to determine how many distinct areas of fill exist at NAS

........... Alameda. All sites except Sites 4, 5, 10A and 10B were included in these analyses; histories of these
four sites indicate that metals are likely to be chemicals of concern (COCs). Although iron and
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manganese are not likely to be COCs at these sites, they were excluded to retain objectivity in the
statistical tests.

First, data for each site were compared to the Site 1/College of Alameda data set using the Wilcoxon
Rank Sum Test; this test is not dependent on underlying data distributions. Soil samples collected in
the 0 to 10 feet below ground surface (bgs) depth interval were used. The results of this comparison
indicated that data for Site 2 were statistically similar to the Site 1/College of Alameda data set for
both analytes. Other sites showed either similarity for one chemical or no similarity. Based on these
results, it was assumed that the Site 1/College of Alameda data would be appropriate background data
for the Site i landfill and for Site 2, but that the remaining areas of NAS Alameda would not be
adequately represented by that data set. The cumualtive probability plots of the Site 2 and Site
1/College of Alameda data for iron and manganese are shown in Figures 1A and 1B, using natural
logarithmic transformed data in units of parts per million.

Next, sites were divided by chronological fill deposition history into the following groups to further
evaluate combinability:

....... • Sites 3, 6, 7B, 7A, 8, 11, and 12 were grouped together because they are in the same
fill area (fill deposition occurred between 1930 and 1939) (Group A)

• Sites 9 and 16 were grouped together because fill was deposited between 1942 and
1946 (Group B)

• Sites 7C, 13, and 19 were grouped together because they are composed of fill soil
overlying native Merritt Sands (Group C)

• The runway area was considered separately from the other groups because fill was
deposited mainly during 1940 and 1942 (Runway)

Figure 2 shows the geographic boundaries of the four grouped areas, as well as Sites I and 2. Data
from each of these groups have been plotted on a cumulative probability plot using log-transformed
data so that they could be visually inspected. Figures 3A through 6B present the plots for each
group, using natural logarithmic transformed data in units of parts per million.

The groups were then compared to each other to determine whether they were statistically similar and
could be represented by a single background data set. A Kruskal-Wallis Test, followed by a
Wilcoxon (Mann-Whitney) Rank Sum Test, was used to determine whether the groups were
combinable. The results of the Kruskal-Wallis test when comparing Groups A, B, and C indicated
that one group was statistically different from the others (p < 0.0001). A Wilcoxon Rank Sum Test
confirmed that Group A was statistically different from Groups B and C; Groups B and C were not

_..... statistically different at p = 0.05. Based on these results, it was decided that Groups B and C could
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be represented by one background data set, but that Group A would require a separate background
data set.

Finally, the runway area was compared to Groups A, B, and C using a Wilcoxon Rank Sum test for
each pair of data sets. Results of this analysis showed that data for manganese were not significantly
different between the runway area and Group A, but were significantly different between the runway
area and Groups B and C. Data for iron were not significantly different between the runway area and

any other group. Based on these results, it appears that the runway area could be represented by the
same background data set as the Group A sites.

In conclusion, it appears that three background data sets will be needed for background comparisons
at NAS Alameda: one for Sites 1 and 2, which could be represented by the Site 1/College of Alameda

data set; one for the runway and central portion of the base; and one for the southeast industrial
portion of the base. Although the southeast industrial area of the base consists of native Merritt
Sands covered with fill, the deeper soils did not appear different from the overlying fill. Data
representing soil depths of 0 to 10 feet were used in the analyses described above. This indicates that

the source of fill overlying the southeast area was probably also Merritt Sand.

Please call me at (303) 312-8843 if you have any questions regarding these analyses or would like to

discuss the statistical analysis in greater detail.

..... Sincerely,

Theresa K. Lopez ,.j
Senior Toxicologist

enclosure

cc: Steven Edde, NADEP

Susan Willoughby, PRC
Duane Balch, PRC
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FIGURE 1A
NAS ALAMEDA

CUMULATIVE PROBABILITY PLOT FOR IRON USING SITE 1, SITE 2, AND COLLEGE OF ALAMEDA DATA

NorMal P_obabilit_l Plot fo_ LN(i_ong_pd)
Data tile: irongvpd.dat S t a t i s t i c s

H Total " 232
12. H Miss " I_

÷ H Used " 232

÷ Mean " 9.695
xi. _ Vat iance : .296

^ _e_ Std. Dew" .544× c.u. • 5.614

/ Skewness" .4431o. Kurtos is" 2. 783

z M inimum 8.727
_a_ ZSth y. " 9.2S8

9. ..,dw" Median " 9.622

÷ ÷ _++H_- 75th × " 1B.848
Max imuM " 11. 687

•

I 18 3B 58 78 9B 99

CuMulative Percent



FIGURE 1B

NAS ALAMEDA

CUMULATIVE PROBABILITY PLOT FOR MANGANESE USING SITE 1, SITE 2, AND COLLEGE OF ALAMEDA DATA

NorMal Probabilit_ Plot For LN(soiInn)

Data File: Mng_pd.dat S t a t i s t i c s

N Total : Z32
8. N Miss : 6

N Used : 232

+ Mean : 5.428
7. Oariance: .299

+ Std. Dev: .547

f÷ x C.U. : 18.893a Skewness: .179
'" 6. J gurtosis: 2.761
° J
z Minimum : 4.187

25th _ " 5.817
Median " 5.4365.

75th _ " 5.775

+,_+_ Maximum " 7.272
÷

4.
I 10 30 58 70 98 99

CuMulative Percent



LZG£RD

, ::"" c,m,FA
_-7q C;ROUF B1_M-'_-1l_I.6",

""....""" c',,, ',%%'. '

:!'";':" ", X " ", "'" :" __j_]] F,:UNWAY
.AREA

_-_' _:<-.-_. _-:_ SITE 1,."SITE 2¢:OLLES= 0:" A_.-,.M:.,./, /_q/"

, ,\ _, _.--_
•.'/ I " X't, " OAKI.AND INNER H IIRIIOR

'";_ ................ 13 \X,. '\

- -liil7:Igl_j_---- :_ : . ,

= , -"....... ........... i ,:...... __ ....................:.........-.......= .........:__ -_ I ...................
i;,_ _........................... T"-_, ] -- -k, .-':. i -.......................'

k _'.', ,..................... i"i". D,L__<-,- ..... "...............z: ..............
........_,,,"-\ .... - [::.--... ..................._-......."'--:_ " "_....... " _"--'-" "_....... _i_ ; =_----" " _ ":' ' 1900-1915 '

_.- ,,_. ?-.... _-: .......... :,.., • . . ...........
l <:C"_ , : .:.-!.: : .::.: .:..• .,- . ::. LTi

' " <::=>"-. \ " " ! _'_ - v. _ :¢- . .::: ::.,:j ' : ; ;'' i :

: "h - i _:..- =-_L _'@!!.:-::,',.,. " ....

--_-.... =====================,.... _-..,,._ _::.::........ _.:.. .... ........., ', _, ',:-'._', 7...

- • 'c, _: ' £::- J_'_ i.::=-L-g" ,": -- ,, :_._.2 _!.... '--_t _- . ::: ......... : :: ................ 'J......... ,_..........

_,........... -. '_. ' ,_ _ _ ,. " ,._.% ',i, i "° "-_i ............ ,,----. Z-',:. ';':-, .... "r}F ..... : .......... ............ r.......• :.. _! ......................_ !

;_ t,._: ! ' ..'_] " : : IOA i , _ -"-T--'-_,2_-:_' _ ii ,-,{_

..................... _:-':7:'V.! : iriS. '< h-'+ -_.' ?'_,.f_ "'iJ _ ....
: -........ _ ........... . .... -: ......=-- _ " :_.::.-::',L"_,._'!.t.....

,} ,

'" "..1!_iO-1941 i..-_ ._....
.. _ . ,_.,-_.-,;-.._',. .....-:, __.

_ i

i! I '; : - t, d 2'z.J

<'_ :2'; _* < .._ .:--/ :,:, _ .............
: _'I

..__ ,/r-r---_.

F_RE'i_o0
i

600 0 500 lz,0
'- _ --SANFRANCISCO B/b' , '

SCALE 1" ::: 12[:,0'
... :. :....:

-<1::: :.....:! ::.. .'..

"

::i::£.:- .':-:T:.:
-.< -::.<-- FIGURE2

NAS ALAMEDA

ALAMEDA, CALIFORNIA
GROUPEDAREAS FOR

r_____,,__ BACKGROUNDCOMPARISONS

I1_| II I IIIIIII I

Jlf_C EnvironmentalManagemen_./no



j
: /

FIGURE 3A
NAS ALAMEDA

CUMULATIVE PROBABILITY PLOT FOR IRON USING SITES 3, 6, 7A, 7B, 8, 11, AND 12 DATA

Nort_al PY'obability Plot for" LN(soiliron)
Data file: i ron_frpa.aat S t a t i s t i c s

H Total : 265
:t:t. 2 ÷ N Miss " 8

÷ M Used " 265

Mean " 9.425
10. 4 Oar iance" ,293

/-^ 8td. Deu" .541t"

_. C.U. " 5.742
Skewness" 1 858

" 9.6 Kurtos is" 3. 177

'_thO /pr_lJ Minimum " 8,785

8.8 + + .++_,...-_0_ Median : 9.248
75th _. " 9.661
Ma×ium : 11. 189

8.8
I 10 30 58 ?_ 90 99

CuMulative Percent
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FIGURE 3B
NAS ALAMEDA -

CUMULATIVE PROBABILITY PLOT FOR MANGANESE USING SITES 3, 6, 7A, 7B, 8, 11, AND 12 DATA

NorMal Probabilit_l Plot £o_ LN(soiIMn)
Data file: Mngrpa.dat S t a t i S t i C S

N Total " 265
9 N Miss " 8

N Used " 265

8 ÷ Mean • 5.144

÷ Oar lance" .497
^ Std, Dev: .785

7 t._ y.C.U • 13 781
,., _-H- Skewness : .953

'_ / gurtos is" 3.88S
m

v 6

z .a_ Miniaua " 4.855

2Sth y, " 4.556

¢w

Ned ian " 4. 963
5 ,al ?5th × " 5. 623

+.__ _ MaxiMu_ " 8. 161
4 ÷ ÷

1 18 30 50 70 90 99

CuMulative Percent



FIGURE 4A

NAS ALAMEDA

CUMULATIVE PROBABILITY PLOT FOR IRON USING SITES 9 AND 16 DATA

No_Mal P_o6a6tlit_j Plot £o_ LN(irong_pb)
Data tile: irongrpb.dat S _; a t i $ _; i C s

M Total " 158
x2. M Miss " 0

÷ H Used : 158

+ Mean : 9.244
11. '..... _ Uariance: .417

^ + Std Dev: 645
_- x C.U. : 6.982

•
to. j Skewnees. 1.353gurtosis" 4.341

° /,0

v Minimum : 8.535

j 25th X " 8.8119. Median : 8.937

+ Maximum " 11.678

8,

I 10 38 50 78 98 99

Cumulative Percent



FIGURE 4B

NAS ALAMEDA

CUMULATIVE PROBABILITY PLOT FOR MANGANESE USING SITES 9 AND 16 DATA

NorMal Probabilittl Plot for LN(soilMn)
Data file: Mngrpb.dat S t a t i s t i c s

N Total " 158
7. t HMiss " 8

H Used " IS8

÷÷ Mean " 4.1341

_+#÷ Vat i ance" .3S2Std. Dev" .593

_+ _. C.U. • 12.255
Skeuness" 1. 1137

v gurtos is 3. 579

Minirmm " 4. 135

5. / 2Sth × " 4.394
Median : 4.586

_. " 5. 193
Max imum " 6.957

4.
1 10 38 50 70 90 99

Cumulative Percent



FIGURE 5A
NAS ALAMEDA

CUMULATIVE PROBABILITY PLOT FOR IRON USING SITES 7C, 13, AND 19 DATA

NorMal P_o6abilit_ Plot fo_ LN(iron_pc)
Data £i l e-" i rongrpc .dat S t a t i s t i c s

;4Total " 225
it. H Miss " 8

H Used " 225

..._. Jr ÷10 • • Mean " 9.188

_" Oar iance" 255
m

^ Std. Dev" .585° d
_ 9. _ _ x C.0. " 5.493

__ Skewness" -.363
=o + Kurtos is " 6 .478

'"_ o. _ M inimur_ " 6.633
z

25th y. " 8.863
MedJan " 9.B71

7. + 7Sth × " 9.556

+ Maxiwur_ : 16.464

•

1 18 38 58 78 98 99

Cumulative Percent



FIGURE5B _
NAS ALAMEDA

CUMULATIVEPROBABILITYPLOTFOR MANGANESEUSINGSITES7C, 13, AND 19 DATA

NorMal PvobabilitL_l Plot for LN(soJ|Mn)

Data file" Mngrpc.dat S t a "[ i S "t i C

H Total " 226
7. H Miss " 0

÷_÷ ÷ N Used : 226

_ Mean : 4.895
6. _" Uar lance" .367

Std. Dev: .606A

5. J _. C.U. : 12.370
S: _ Skewness" 299
" _ "0 _ Kur4_os is : S 644

'-' 4. ÷÷" MiniMum " 2.015
z 2sth • 4.s60

Median " 4. 757
3. ± 7Sth y. • S.236

Maximum " 6.799

2w _ "'

1 10 30 50 70 90 99

CuMul_tive Percent



FIGURE 6A
NAS ALAMEDA

CUMULATIVE PROBABILITY PLOT FOR IRON USING R_AY AREA DATA

i

Nov'Mal Pv'obability Plot tot" LN(iv'oxlv'nwy)
Data tile: iv-onrnw_.dat S t a t i S t i c s

N To£al " 37
M Miss " 8

÷ N Used " 37

1o. o + Mean " 9. 193
Uar lance" .15Z

" Std Deu" 398
÷ • ,

3 9 6 +_ >:. C.U. ' 4.24Z¢
_ Skewness" .268

¢0 _m'÷ Kurtos is" 3. 446

L_ 9.2 _,_+ MiniMum " 8.412z
_r. 25th _. : 8,985,,4_

+-'-'-"" Ned ian " 9. 151

s. s + 75£h _. " 9.443
MaxiMum " 18,284

.+
8.4 "4"+

1 10 30 50 ?0 90 99

CuMulative Percent



FIGURE 6B

NAS ALAMEDA

CUMULATIVE PROBABILITY PLOT FOR MANGANESE USING RUNWAY AREA DATA

Normal Prob_bilitt.I Plot for LN(soil_n)
Data £i l e: Nnrunw_l ,dat S £ a _ i s t i c s

It Total : 37
7. N Miss : 8

H Used : 37
+

Mean : 4.968
Uav iance: .271

^ 6. + S_d. Dee: .528+
_. C.U. : 18.473

- Skewness : .863
• l¢ur_os is : 4.658

5. ,_ +_+++ Mini.u. : 4.81625_h _. • 4.611

_ Ned ian : 4.898
_÷÷+_' 75th _. : 5.288

Max imum : 6.617

+÷
4.

1 18 38 $8 78 90 99

CuMulative Percent


